and buccal infiltration was reviewed. The duration of LA delivery was not standardised. In a subsequent study in children aged 5-13 years old by Gibson et al. 4 these problems were addressed. The Wand was indeed found to produce significantly less disruptive behaviours during the initial 15 seconds of the injection. Allen et al. 5 supported these findings in their research. However, the investigators questioned whether Wand LA delivery was suitable for preschool children as they found that prolonged duration of this method was likely to result in more restless behaviour.
Palm et al. investigated the onset of LA following an inferior dental nerve block or IDB. 6 This was a split mouth, randomised trial using the Wand and the conventional anaesthesia system. The onset of LA and pain perception in children and adolescent patients was evaluated. The subjects were aged between 7 and 18 years old. The onset of LA following an IDB was assessed using patients perception of 'numbness' and a ten point visual analogue scale to assess pain experience. The design of this study did not allow for an objective measure of the onset of LA and instead relied on the patients' perception.
From the literature review, it is apparent that there is a lack of literature comparing
INTRODUCTION
Pain and anxiety related to dentistry have historically been the main reason for poor attendance at the dentist. 1 The administration of local anaesthesia (LA) for children can be a challenge and clinicians are often confronted by patients who find LA the most stressful part of their treatment. A rapidly acting, pain-free LA system is the gold standard ideal, especially in paediatric patients.
Pain behaviour and distress in children have been investigated in studies comparing the Wand LA and conventional LA. 2 The first reported study in the literature on the use of the Wand in children was in 1999 by Asarch et al. 3 The findings of this study showed no significant difference between Wand LA and the conventional technique. However, in this study, pain behaviour during three different types of LA including inferior alveolar block, palatal infiltration Aim This prospective, randomised, parallel, controlled study was conducted firstly to compare the onset of local anaesthesia (LA) when using the conventional technique versus the Wand computer-controlled LA and secondly to assess the pain experience in children. Method Thirty children were randomly allocated to the treatment group (Wand) or the control group (conventional). Lidocaine 2% with adrenaline (1:80,000) was given as a buccal infiltration. The onset of pulpal anaesthesia was tested using an analytic electric pulp tester (EPT). The pain experience during the LA was recorded using a modified visual analogue score (VAS). Results Median time for the onset of LA was 6.30 minutes for the control and 7.25 minutes for the Wand group. Mean pain experience score for the control group was 9.78% as opposed to 8.46% in the Wand group. Statistical analysis showed that there was no statistically significant difference in the onset of LA (p = 0.486) and the pain experience (p = 0.713) between the two groups. Conclusion When placing a buccal infiltration on upper first permanent molars, the onset of LA and the pain experience was no different using the Wand and the conventional technique.
the onset of local anaesthesia using different techniques. Lee et al. 7 carried out their study to assess the efficacy of the anterior middle superior alveolar injection, comparing the Wand and conventional LA. Statistical analysis of the onset and duration of anaesthesia was not performed due to the lack of numbers.
In this study, the primary aim was to carry out a prospective, randomised, parallel, controlled study to evaluate and compare the onset of LA when using conventional technique (control group) vs. the Wand (treatment group) for buccal infiltrations. The secondary aim was to assess the pain experience between the two techniques.
NULL HYPOTHESIS

Primary null hypothesis
There is no difference in the onset of maxillary infiltration local anaesthesia between the conventional technique vs. the Wand in children
Secondary null hypothesis
There is no difference in the pain experience of maxillary infiltration local anaesthesia between the conventional technique vs. the Wand in children.
• Presents a randomised, controlled study reviewing the difference between the Wand and conventional LA in terms of the onset of anaesthesia and pain.
• Provides an understanding of the use of both the conventional and computerised LA technique in paediatric patients.
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MATERIALS AND METHODS
Power calculations
The power calculation was based on a power of 90% and a significance level of 5%. The C value is 10.507 Snedecor and Cochrane 1989 (Dell et al.) . 8 Minimal detectable difference will be set at 60 s and standard deviation at 30 s.
Basic formula for sample size calculation Therefore the sample size was calculated to be six in the control and six in the treatment group (total of 12). In order to adjust for possible drop-outs, as well as the pilot study, it was decided to have 15 in each group.
Sample size
Following the power calculation and the adjustments made after advice from the statistician it was decided to have 30 patients in total for the study (15 in the treatment group and 15 in the control). In addition, a pilot study was carried out before the main study including four patients in total (two control and two for the treatment group).
Inclusion criteria
Patients aged 8-16 years old, who were graded I according to the American Society of Anaesthesiologist (ASA) physical status classification were selected for the study (http://www.asahq.org/clinical/ physicalstatus.htm). Only patients who required restoration of upper first permanent molars with minimal carious lesions (less than 1/3 marginal ridge involved or small occlusal caries) who were asymptomatic and without any associated sinus or pathology were included in this study. Caries diagnosis was made by clinical and radiographic examination and this was concurred by an independent specialist in paediatric dentistry.
Exclusion criteria
Individuals who were unable to communicate or had a significant needle phobia and required additional use of conscious sedation were not included in the study. Patients with heavily restored dentition or teeth with enamel/dentinal defect were also excluded from the study. Inability to obtain a positive baseline reading using the electric pulp tester was also a reason to exclude participants from the study as well as the inability to obtain positive consent from parents or guardian.
Randomisation
The children were randomly assigned into either the treatment group or the control group. The statistician carried out the randomisation by block allocation, based on a random table of numbers, according to a computer programme of random allocation (http://randomisation.com).
The randomisation data was sent to the specialist in paediatric dentistry in Barnsley CDS (RM) while the investigator remained blind. The random allocations were placed into envelopes by RM who then held the envelopes that were only given to the investigator when the patient arrived for treatment. In the case of patients who were seen at the LDI, RM would provide the appropriate envelope(s) in advance. The envelope would only be opened by the investigator immediately before the LA. In this study, although the patient was blind to the LA given, the single operator could not be blinded for the practical purposes of LA delivery and in order to measure the outcomes.
Pilot study
Before the start of the study, the patient information sheet was piloted at Barnsley for feedback. The information sheet was written based on the understanding and reading ability of children aged 8-16 years old. It was commented by one child, that having numbers on the modified VAS would help with scoring. Following feedback the VAS scale was modified accordingly to make it more user friendly, for example, subdividing the line up from 0-10 to grade the level of pain.
Procedure
An appropriately trained, qualified nurse placed a bib and a dark pair of sunglasses onto the child to minimise the child being able to see the LA. The pulp tester was used on the upper first permanent molar that was to be anaesthetised. This was to establish a baseline reading.
The dialogue for the technique was standardised for both the Wand and the control group as follows: 'I am going to put some bubble gum gel on your gum to help the gum go to sleep. ' 'I am now going to spray some juice to help the tooth to go numb, I will keep the straw in your mouth to stop any juice spilling into your mouth. ' The wand's bleeping system was an indicator of LA delivery. To avoid this being a potential source of bias, it was planned that the beeping sound would be used for both groups of patients. The LA used was 1.8 ml cartridge of Lignospan special containing lidocaine hydrochloride 2% and adrenaline (adrenaline) 1:80,000. Topical LA was placed for two minutes against the dry gingival of the first permanent molar using a cotton wool roll. On penetrating the mucosa with the needle, the nurse started the stop clock. On completion of the administration of the LA (total of 1.8 ml) the time taken to deliver the LA was recorded by the nurse. For both groups a 1.8 ml cartridge was used. The pulp tester was then placed on the tooth immediately after the deposition of the LA. Pulp tester reading was repeated every 60 seconds until the patient was unable to sense the impulses (two subsequent readings of 80) and hence this was regarded as the end point. The nurse recorded the number of 60 second cycles. The patient was then asked to indicate on the scale provided the pain experience during the administration of the LA. The modified VAS scale was a 100 mm scale with descriptive anchors at each end as shown on Figure 1 . The pain score was calculated by measuring the distance in millimetres of the mark from the left end. The VAS scales were divided into percentages: 10 mm indicating 10%, 20 mm indicating 20% etc. The estimation of pain was as follows: 0-20% = no pain, 21-40% = mild pain, 41-60% = moderate pain, 61-80% = severe pain and 81-100% = intolerable pain.
Statistical analysis
The data was collected prospectively with the help of the nurse on the data sheet. The data was input into the SPSS database. All data was stored on a password encrypted USB memory stick.
The data collected was analysed using SPSS version 16. The data related to the onset of LA and pain experience was summarised using medians. To check for normal distribution, both sets of data were analysed using One Sample Kolmogorov Smirnov Test on SPSS. Mann Whitney U-Test was used to carry out the hypothesis testing.
RESULTS
The study was carried out at two sites, the Leeds Dental Institute (LDI), Leeds and the Community Dental Service (CDS), Barnsley. The majority of the subjects for the study were recruited from Barnsley (83%). Altogether 34 potentially suitable subjects were approached to take part in the study, aged between 8 and 16 years old with a median age of 12 years (standard deviation ±2.177). Three cases were abandoned due to problems associated with the electric pulp tester (EPT). Out of the three, one patient started crying when the EPT was used and for the others the EPT response was unreliable. The parents of one patient did not consent for their child to take part in the study.
Children were chosen from the age range 8-16 years old to ensure that first permanent molars had fully erupted and that these children could respond to EPT reliably ( Table 1) .
The study population consisted of 19 females and 11 males (Table 2) . Within the control group there were 8 female and 7 male subjects. In the treatment group, however, there was a bigger difference with 11 female and 4 male participants.
Time taken for local anaesthesia delivery
The time taken to deliver LA can be variable. The delivery of LA with the Wand is foot pedal controlled and there are two fixed speeds. The conventional technique delivery of LA is operator dependent. Both techniques were adopted and used in the recommended way by a single operator.
The findings from this study (Table 3 ) suggest that the median for both groups was approximately the same (treatment group 2.12 and control 2.2 minutes). The range appears greater in the treatment group (2.68 minutes) than the control (2.01 minutes), which is likely to be the result of the outliers shown in Figure 2 . However, the general pattern of the results shows that the spread is generally broader for the control group as opposed to the computerised LA delivery system of the treatment group.
Onset of local anaesthesia
The onset of anaesthesia or end point was determined by having two consecutive readings of 80 on the EPT from which the first 80 reading was defined as the onset of LA (Table 4) . Out of the 30 children involved in the study, three participants did not reach the end point using the EPT. These subjects were excluded from this data analysis for the onset of LA. All three were from the treatment group. Although the EPT was used to establish anaesthesia, it is crucial to mention that in all three cases, treatment was carried out successfully without additional LA. This would suggest that anaesthesia was achieved despite not reaching the end point.
The results from this study showed that the median time taken for the onset of LA was 6.3 minutes for the control group and 7.2 minutes for the treatment group. Figure 3 shows, that although the median is approximately the same for both groups, there appears to be a wider spread in the treatment group than the control.
Pain experience-modified visual analogue score
The majority of the patients from both groups felt that there was no pain involved during the administration of the LA as shown in Table 5 . The treatment group had marginally more patients (14/15) expressing that no pain at all was experienced as opposed to the control group (12/14) .
DISCUSSION
This study showed that there was no difference in the onset of local anaesthesia or pain difference when using the Wand and conventional technique when administering buccal infiltration in children. The outcome of no difference in the onset of local anaesthesia is consistent with the findings of Palm et al. 6 who investigated the onset following an inferior alveolar nerve block.
In this study, the age range was between 8-16 years old. The age distribution for the control group was from 8-14 years old and for the treatment group it was from 9-16 years old. Although the authors were aware that the wide age range could impact on the results, particularly in terms of the patients' perception of pain, all patients chosen were found to be suitable in terms of their understanding as well as their maturity. The sex distribution was approximately the same in the control group; however, in the treatment group there were more females than males. The majority of the previous studies carried out on children were not sex matched. 4, 5, 9 Within the study design, all patients were chosen according to the selection criteria and pre-assessed by the operator. This gave the opportunity to provide patients and parents with information related to the study and also to gain consent. During the pre-assessment, all patients had an introductory appointment to LA including the introduction to topical LA. This was felt to be important, as past dental experience could not be standardised. During the appointment, it was agreed that parents should be present at all times to act as a passive observer. 10 This study took into careful consideration many of the possible sources of bias. Randomisation by block allocation of the patients was employed to ensure that there was no selection bias. In the study by Tahmassebi et al. 11 blinding of the patients was not carried out, however, single blinding was successfully carried out in this study. All measures were employed to standardise the dialogue with the patient and to ensure that the 'bleeping' noise of the Wand was replicated for the control group. Despite anecdotal evidence, which suggests that the Wand delivers LA more slowly than the conventional technique, this study showed the time taken to deliver LA was similar in both groups. The median time to deliver 1.8 ml of lignospan LA was 2.12 minutes in the control group and 2.20 in the treatment group. As predicted the range is smaller for the treatment group compared to the control group.
In the majority of studies looking at the onset of local anaesthesia, an EPT was used. Admittedly, most of these studies were carried out on adult patients. In this study, the EPT did show some inconsistencies. Three patients expressed pain on using the EPT and a number of children complained of discomfort. One patient, who was unable to cope, started crying on baseline EPT reading due to pain. From this study, the onset of LA was shown to be similar in both the control and in the treatment group. Median time for the onset of LA was 6.3 minutes for the control compared with 7.25 minutes in the treatment group. The results are in agreement with the findings of Palm et al. in the study looking at the onset of LA during IDB. 6 During the study, the EPT reading in seven of the subjects showed that first EPT reading was lower than that of the baseline reading, which would suggest that tooth had heightened response to the EPT. In a number of cases the EPT readings were erratic but the majority reached a well-defined end point with two subsequent readings of 80. The use of the EPT is a well established method of measuring the onset of LA. Other subjective methods such as self reporting of 'numbness' are not as reliable. 6 The findings of this study suggested that the pain experience between the two groups was not significantly different. This is in agreement with a number of studies. [11] [12] [13] In the study by Ram et al. the aim was to compare the behavioural reaction to the two types of LA. 11 The results from the study showed that there was no statistical difference in the patients response to conventional or the Wand groups, whether it was administered as a maxillary infiltration or mandibular block. Despite the findings from our study, other studies have suggested that the Wand was less painful on needle insertion or the injection overall compared with the conventional technique. 
